1. Introduction {#s0005}
===============

The second Multicenter Automatic Defibrillator Implantation Trial (MADIT II) demonstrated in a recent report that an implantable cardioverter defibrillator (ICD) for primary prevention of sudden cardiac death (SCD) reduces mortality in patients with a history of myocardial infarction (MI) and left ventricular ejection fraction (LVEF) of ≤30% [@bib1], [@bib2] during an extended 8-year follow-up period [@bib3]. However, the significant risks and high cost of ICD therapy have led some to question what kind of patients with low LVEF after MI should receive ICD implantation for the primary prevention of SCD without prior ventricular arrhythmic event. Improved risk stratification may identify patients whose ventricular arrhythmic event risk is too low to benefit from ICD implantation. In addition, some reports demonstrated that Asian populations have a lower rate of SCD compared with Caucasians [@bib4]. Therefore, the interest still remains regarding what proportion of Japanese patients with MADIT II-like criteria will experience ventricular arrhythmic events and what clinical factors may predict these events during long-term follow up. The purpose of this study was to investigate mortality, incidence of appropriate ICD therapy administration, and factors influencing ICD therapy in Japanese patients with ICDs for primary prevention who fulfilled the MADIT II criteria.

2. Materials and methods {#s0010}
========================

2.1. Study population {#s0015}
---------------------

From January 2000 to December 2012, 436 consecutive patients without prior ventricular arrhythmic event underwent ICD implantation for primary prevention of SCD in Kokura Memorial Hospital based on the clinical guidelines [@bib5], [@bib6]. Among these patients, we enrolled 118 patients who satisfied the MADIT II criteria for prophylactic ICD implantation as follows: left ventricular ejection fraction (LVEF) of ≤30% with ischemic heart disease and at least 4 weeks after MI.

Patients were also excluded from enrollment if they belong to New York Heart Association (NYHA) functional class IV, had undergone coronary revascularization within the past 3 months, were less than 21 years old, had advanced cerebrovascular disease, as well as in the original MADIT II. Details of the design, methods, and results of the MADIT II have been reported previously [@bib1]. The present study was performed as a single-center retrospective analysis of a prospectively maintained database. All data were collected to evaluate mortality rate, incidence of the appropriate ICD therapies, and factors influencing baseline clinical characteristics on appropriate ICD therapies in accordance with institutional ethics guidelines. The study was approved by the ethical committee of Kokura Memorial Hospital.

2.2. Definitions {#s0020}
----------------

The presence of ischemic heart disease was determined based on MI history perceived from clinical manifestations, electrocardiogram (ECG) findings, and echocardiography and coronary angiography results. Non-sustained ventricular tachycardia (NSVT) was defined as the observation of at least three ventricular premature beats but spontaneously terminated within 30 s in Holter monitoring, 12-lead ECG, implantable loop recorders, or the recording of pacemaker. All patients who were referred to our center underwent at least one 24-h Holter-monitoring session before being assessed for ICD implantation.

Data on deaths within the follow-up period were retrieved from the medical records and discharge summaries from our hospital and other institutions, and these were classified based on the modified Hinkle--Thaler scheme used in the MADIT II [@bib2]. The modified Hinkle--Thaler death categories included sudden cardiac, non-sudden cardiac, unclassified cardiac, non-cardiac, and unknown/unclassified causes of death when insufficient information was available to make a reasonable decision as to the cause of death. If patients were unable to visit our hospital because of the long distance, medical interviews were conducted by calling or sending mail to the patients or doctors in the local hospital who are responsible for them to obtain clinical information regarding mortality and incidence of appropriate ICD therapies.

2.3. ICD therapy analysis {#s0025}
-------------------------

Patients in our study population underwent an ICD interview every 3 to 6 months as well as interim visits as their symptoms presented. We classified ICD therapy occurring for VT or VF as appropriate. Appropriateness of therapy was determined by independent review of device-stored electrograms (EGMs) by two independent expert reviewers. VT was differentiated from supraventricular tachycardia by using standard criteria, including a change in EGM morphology, sudden onset, and the atrioventricular relationship, when atrial EGMs were available.

The VF zone was typically set to \>200 bpm, with at least one tracing of anti-tachycardia pacing (ATP) before shock, whereas the VT zone was typically set to \>150 bpm, with at least three tracings of ATP before shock. Programming was changed for patients who underwent therapy and customized to their specific circumstances at the discretion of the each physician. Devices were not programmed based on the cycle length or presence of NSVT before the implantation.

2.4. Statistical analysis {#s0030}
-------------------------

Continuous variables were presented as mean±SD, and categorical data were summarized as frequencies and percentages. Differences in baseline characteristics between the patients with and without appropriate ICD therapy were analyzed using the independent sample t- or Fisher׳s exact test. Several baseline characteristics were divided into two groups by using clinically useful cutoff points, such as LVEF ≤25% and left ventricular diastolic diameter (LVDd)≥60 mm, which corresponded to the approximate median value.

Univariate and multivariate analyses using Cox proportional hazards model were performed to assess the relationship between baseline characteristics and incidence of appropriate ICD therapy administration. Multivariate analyses were performed by using all variables with *P*≤0.10 (based on the univariate analysis). Calculations were performed by using JMP 12.0.1 software (SAS Institute Inc., Cary, NC). A *P*-value of \<0.05 was considered statistically significant.

3. Results {#s0035}
==========

3.1. Patient characteristics {#s0040}
----------------------------

Baseline clinical characteristics are summarized in [Table 1](#t0005){ref-type="table"}. The mean age was 69±10 years, and 84% were male. All patients underwent coronary angiography during their therapeutic course. A total of 114 patients (97%) had a medical history of undergoing coronary revascularization therapies: percutaneous coronary intervention (PCI) and coronary artery bypass graft surgery. The study population was divided into two groups based on the occurrence of appropriate ICD therapy administration: those who received appropriate ICD therapy (40 patients) and those who did not (78 patients). Clinical characteristics were compared between the two groups. Implantation of biventricular pacing was less frequent in patients who received appropriate ICD therapy than in those who did not (38% vs. 60%, *P*=0.02). The presence of NSVT (55% vs. 33%, *P*=0.02) and the prevalence of dilated left ventricle (LVDd≥60 mm) (73% vs. 54%, *P*=0.04) before implantation were more frequent in patients who received appropriate ICD therapy than in those who did not. The prevalence of severely impaired left ventricular systolic function (LVEF≤25%) (57% vs 41%, *P*=0.09) tended to be more frequent in patients who received appropriate ICD therapy. The proportion of patients with diabetes tended to be lower among patients who received appropriate ICD therapy (32% vs. 49%, *P*=0.09). The QRS width before ICD implantation, including biventricular pacing was comparable between the two groups (148±36 ms vs. 143±31 ms). Distribution of other clinical characteristics was similar between the two groups.

3.2. Mortality and adverse events {#s0045}
---------------------------------

During the median follow-up period of 1409 days, 50 patients (44%) died, wherein 33 (28%) died because of cardiovascular causes, including 7 (6%) due to sudden cardiac death ([Table 2](#t0010){ref-type="table"}). The mortality of the present study population was 5%, 15%, and 20% at 1, 2, and 3 years, respectively, as shown by the Kaplan--Meier curve ([Fig. 1](#f0005){ref-type="fig"}). Major adverse events of ICD implantation occurred in at least one administration of inappropriate ICD, ATP, and shock therapy in 35 (30%), 28 (24%) and 21 patients (18%), respectively. Due to cardiac device infection, lead extraction was performed in 4 patients (3%) during the follow-up period.

3.3. Appropriate ICD therapy {#s0050}
----------------------------

At least one appropriate ICD, ATP, and shock therapy was administered in 40 (34%), 33 (28%), and 18 patients (15%), respectively.

The Kaplan--Meier curve for the incidence of appropriate ICD therapy (ATP and/or shock) administration showed 15%, 28%, and 37% at 1, 2, and 3 years ([Fig. 2](#f0010){ref-type="fig"}A), respectively, and that of appropriate ICD shock therapy showed 7%, 9%, and 12% at 1, 2, and 3 years, respectively ([Table 3](#t0015){ref-type="table"}).

The multivariate analyses using Cox proportional hazards model ([Table 4](#t0020){ref-type="table"}) showed that the presence of NSVT (hazard ratio \[HR\], 2.26; 95% CI, 1.17--4.39; *P*=0.015) ([Fig. 2](#f0010){ref-type="fig"}B) and the prevalence of dilated left ventricle (LVDd≥60 mm) (HR, 2.31; 95% confidence interval \[CI\], 1.07--5.38; *P*=0.033) ([Fig. 2](#f0010){ref-type="fig"}C) before implantation could independently predict further requirement of appropriate ICD therapy, whereas biventricular pacing was not independently associated with the incidence of appropriate ICD therapy ([Fig. 2](#f0010){ref-type="fig"}D).

4. Discussion {#s0055}
=============

4.1. Main findings {#s0060}
------------------

In the present study, we investigated long-term mortality and predictors of appropriate ICD therapy administration in Japanese patients with ischemic heart disease (IHD), who fulfilled the MADIT II criteria for ICD implantation. The mortality rate and incidence of appropriate ICD therapy administration at 3 years after implantation were identified as 20% and 37%, respectively. In addition, left ventricular diastolic diameter (LVDd)≥60 mm and the presence of NSVT before implantation were independent predictors of appropriate ICD therapy in patients with reduced left ventricular (LV) systolic function due to IHD.

4.2. SCD rate due to IHD in Japan compared with Western countries {#s0065}
-----------------------------------------------------------------

A previous study has reported that the Asian population has a lower SCD rate compared with Caucasians [@bib4]. Since the 1.5-fold increase in mortality rate in patients with ischemic cardiomyopathy (ICM) compared with that in those without ICM in the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) [@bib7] has been reported, the differences in the prevalence of ICM may have some effects on the different SCD rates. Indeed, some clinical trials conducted on the Western population reported that 60--75% of heart failures were caused by IHD [@bib8], [@bib9], [@bib10], whereas IHD prevalence in Japanese patients was only 30--34% in a nationwide observational cohort survey [@bib11], [@bib12]. In addition, based on previous reports, some differences in IHD severity may be found, particularly between Western and Japanese populations. The prevalence of severely impaired LV systolic function (LVEF≤30%) after MI in Japanese patients was reported in 199 (4.8%) of 4122 consecutive patients in an observational cohort of 18 medical centers [@bib13], whereas the prevalence was reported to be more frequent in Western countries: 342 (13.4%) of 2544 patients and 79 (15%) of 513 patients in the Netherlands and United Kingdom, respectively [@bib14]. Furthermore, based on the previous report [@bib15], the survival rate of Japanese patients with severely impaired LV systolic function (LVEF≤30%) was superior to that of Western populations. However, data are still limited regarding the long-term mortality and incidence of appropriate therapy administration in Japanese patients with IHD after ICD implantation for primary prevention of SCD.

4.3. ICD implantation for primary prevention of SCD in Japan {#s0070}
------------------------------------------------------------

The 11th world survey of cardiac pacing and ICD in 2009 [@bib16] revealed that the number of new ICD implantations per million people in Japan was approximately one fifth and one-tenth of that in developed European countries and the United States, respectively, although ICD implantations increase yearly. The Japan Cardiac Device Therapy Registry database [@bib17], which was established by a nationwide survey by the Japanese Heart Rhythm Society, has recently reported that the prevalence of ischemic heart disease was 36% in 7016 patients treated with ICD: 28% in 1801 patients and 39% in 5215 patients underwent primary and secondary prevention of SCD, respectively [@bib18]. These results demonstrate that the proportion of patients with IHD who underwent ICD implantation is lower in Japan compared with approximately 80% in the United States.

In the present study, we retrospectively investigated 118 consecutive patients, who satisfied the MADIT II criteria, who underwent prophylactic ICD implantation for primary prevention of SCD in our hospital for more than 13 years. The Kaplan--Meier estimates of mortality rate showed similar curves between the present study population and the original MADIT II ICD group [@bib3]. This result differed from the improved mortality rate observed in MADIT II-eligible Japanese patients reported in a previous study [@bib15]; this difference may be due to a number of reasons. The population of the previous study consisted of 79% and 18% of patients without any symptom of heart failure (NYHA I) and with mild symptoms of heart failure (NYHA II), respectively. On the other hand, comparison of the present study with the original MADIT II ICD group showed a similar distribution of symptomatic heart failure (NYHA II, 39%; and NYHA III, 35%). In the previous study, 90 consecutive MADIT II-eligible patients were investigated retrospectively among 3258 patients who underwent cardiac catheterization at a university hospital, where patients underwent well-specialized therapies. This method of patient enrollment may have led to a lower proportion of patients with severe heart failure. In addition, the mean age of the patients in the previous study was lower than that in the present study (64±10 years vs 69±10 years). These differences may have played a part in mortality rate discrepancy.

4.4. Predictors of ICD appropriate therapy {#s0075}
------------------------------------------

Incidence of appropriate ICD therapy administration in patients with ICD for primary prevention was also similar in the present study (37%) compared with the original MADIT II ICD group (34%) [@bib19], 3 years after implantation. Furthermore, the present study demonstrated that the presence of NSVT and dilated left ventricle (LVDd≥60 mm) before implantation could independently predict future appropriate ICD therapy administration.

Implantation of ICD is performed often in developed Western countries for primary prevention of SCD according to current guidelines established based on previously reported criteria, LVEF≤30% or LVEF≤35%, which have been demonstrated to be the gold standard of risk stratification in randomized control trials, such as the MADIT II [@bib1] and SCD-HeFT [@bib7]. However, the number of new ICD implantations per million people was lower in Japan than that in developed Western countries [@bib16], and other Asian countries were even lesser. This may be due to differences in clinical background, frequency, and severity of ischemic heart disease, economic conditions of health care, and different beliefs regarding life and death. With an aging society, ICD therapy for primary prevention of SCD may be more frequently considered in clinical settings, particularly in heavily populated countries such as China and India. Given the increasing medical expenses, accurate risk stratification will be more important in addition to the criteria of the current guidelines. Data on predictors of appropriate ICD therapy are still limited, especially in Asian countries, although sub-analysis in some randomized control trials have been reported [@bib20], [@bib21].

In the JCS guidelines, patients with both NSVT and LVEF≤35% and those with LVEF≤35% alone are classified as I and IIa indications, respectively [@bib22], whereas the presence of NSVT is not mandatory for class I indication in the ACC/AHA and ESC guidelines [@bib5], [@bib6]. The results of this study indicated that the presence of prior NSVT could be helpful for further stratification of the incidence of ventricular arrhythmic (VA) events in patients with reduced LV systolic function. In addition, the Chronic Heart Failure Analysis and Registry in the Tohoku District-2 (CHART-2) study, which was conducted in Japan as a multicenter, prospective observational cohort study, recently reported that chronic atrial fibrillation and LVDd≥65 mm were identified as independent predictors of VA events [@bib23]. In contrast, the presence of prior NSVT was not independently associated with VA events in the study. The differences of the results between the present study and the CHART-2 study may be due to the differences in the baseline characteristics of the patients and the methods used. Indeed, 24-h Holter monitoring at enrollment was performed in only 60% of the patients in the CHART-2 study, whereas at least one 24-h Holter monitoring was always done before ICD implantation in the present study. Because only 2% of the entire population in the CHART-2 study underwent ICD implantation before and after enrollment, the incidence of VA events after enrollment also might be evaluated in a different manner.

Amiodarone did not influence the incidence of appropriate ICD therapy in the present study, whereas the Optimal Pharmacological Therapy in Cardioverter Defibrillator Patients (OPTIC) study [@bib24], which was conducted as a multicenter randomized trial, showed the effectiveness of amiodarone on shock reduction as appropriate therapy in patients with poor LV function after ICD implantation.

This may be partly because of the low proportion of amiodarone use, which was only 16% in the present study. In addition, the differences in baseline characteristics may be associated with the different results. The patients of the present study consisted those who received ICD implantation for primary prevention of SCD without any prior VA event. In contrast, almost 70% of patients in the OPTIC study had a past VA history.

To the best of our knowledge, the present study is the first report on the mortality rate and predictors of appropriate ICD therapy, which was investigated in patients who received ICD implantation for primary prevention of SCD in a clinical setting of an Asian country. The present results may provide important complementary information that may contribute to proper risk stratification, and help clinicians in understanding the benefits and limitations associated with ICD therapy for primary prevention.

4.5. Study limitation {#s0080}
---------------------

The present study has several limitations. First, the present study was a single-center cohort study with a limited number of patients. As for this study population, Kokura Memorial Hospital, which is located in the center of Kitakyushu City, with a total population of about one million, is one of the representative referral cardiac centers in Japan, where more than 2000 cases of PCI per year have been performed in the past 20 years. Thus, the present cohort represents a series of patients with severely impaired LV function in a typical urban community in Japan because most of the patients with IHD in this district are referred to our hospital. In the near future, further investigation, such as Japan Implantable Devices in Coronary Artery Disease study [@bib25], which was already launched as a multicenter, nationwide observational study, will provide helpful and detailed information on the prevalence and risk factors of VA events in Japanese patients with reduced LV systolic function due to IHD after ICD implantation. Second, the present study also included patients treated with biventricular pacing, unlike the original MADIT II. Generally, approximately 70% of patients treated with biventricular pacing respond to the device with improved echocardiographic LV function. Based on the recent report from MADIT-CRT, biventricular pacing reduced the risk of further VA events, and the device particularly improved the response of LV function [@bib26]. On the other hand, some potential mechanisms for the proarrhythmic role of biventricular pacing might account for the reversal of LV activation and increased transmural dispersion of repolarization with epicardial pacing, resulting in the development of re-entrant circuits [@bib27]. In the present study, biventricular pacing was not independently associated with the incidence of appropriate ICD therapy. Finally, the age of our study population was older than that of the original MADIT II ICD group (mean age: 69±10 vs. 64±10 years). Based on the reports of the World Health Organization, the Japanese had an average life expectancy of 82 and 83 years in 2006 and 2012, respectively, whereas Americans had a life expectancy of 78 years and 79 years in 2006 and 2012, respectively. Comparison with the original MADIT II ICD group shows that different life expectancies and periods, wherein patients underwent ICD implantation, between the two groups should be taken into consideration.

5. Conclusions {#s0085}
==============

Our study demonstrated that mortality rate and incidence of appropriate ICD therapy in Japanese patients who fulfilled the MADIT II criteria were identified, and the presence of dilated left ventricle (LVDd≥60 mm) and NSVT before ICD implantation could be helpful for further risk stratification of the incidence of VA events.
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![The Kaplan--Meier curve of mortality rate of patients in the present study. The number of patients at risk at each time point is indicated below the graph.](gr1){#f0005}

![The Kaplan--Meier curves of probability of appropriate ICD therapy in the present study. The number of patients at risk at each time point is indicated below the graph. (A) Overall population. (B--D) Each subgroup analysis based on the presence of non-sustained ventricular tachycardia (NSVT), the prevalence of left ventricular dilatation (LVD) defined as left ventricular diastolic dimension (LVDd)≥60 mm, and biventricular pacing (Biv).](gr2){#f0010}

###### 

Comparison of clinical characteristics between patients with appropriate ICD therapy and those without.

Table 1

                              Overall population (*n*=118)   With appropriate ICD therapy (*n*=40)   Without appropriate ICD therapy (*n*=78)   *P*-value
  --------------------------- ------------------------------ --------------------------------------- ------------------------------------------ -----------
  Age, year                   69±10                          68±11                                   70±10                                      0.33
  Male, (%)                   99 (84)                        36 (90)                                 67 (82)                                    0.20
  QRS width, ms               145±33                         148±36                                  144±32                                     0.58
  LVEF, %                     25.1±4.5                       24.8±4.5                                25.3±4.5                                   0.57
  LVEF≤25%, (%)               55 (47)                        23 (57)                                 32 (41)                                    0.09
  LVDd, mm                    61.4±5.7                       62.2±5.4                                60.9±5.8                                   0.22
  LVDd≥60 mm, (%)             71 (60)                        29 (73)                                 42 (54)                                    0.04
  NYHA class, (%)                                                                                                                               0.54
   I                          31 (26)                        13 (33)                                 18 (23)                                    
   II                         46 (39)                        14 (35)                                 32 (41)                                    
   III                        41 (35)                        13 (33)                                 28 (36)                                    
  Hypertension, (%)           60 (51)                        19 (48)                                 41 (53)                                    0.60
  Diabetes, (%)               51 (43)                        13 (32)                                 38 (49)                                    0.09
  Atrial fibrillation, (%)    8 (7)                          1 (3)                                   7 (9)                                      0.18
  Medication, (%)                                                                                                                               
  Amiodarone                  19 (16)                        6 (15)                                  13 (17)                                    0.81
  ACE inhibitor/ARB           86 (73)                        31 (78)                                 55 (71)                                    0.41
  Beta blocker                88 (75)                        31 (78)                                 57 (73)                                    0.60
  Statin                      72 (61)                        23 (58)                                 49 (63)                                    0.57
  Digitalis                   51 (43)                        20 (50)                                 31 (39)                                    0.29
  Diuretics                   79 (67)                        30 (75)                                 49 (63)                                    0.18
  Prior CABG, (%)             46 (39)                        18 (45)                                 28 (36)                                    0.34
  Prior PCI, (%)              97 (82)                        31 (78)                                 66 (85)                                    0.34
  Biventricular Pacing, (%)   62 (52)                        15 (38)                                 47 (60)                                    0.02
  Non-sustained VT, (%)       48 (41)                        22 (55)                                 26 (33)                                    0.02

Data are presented as the mean±standard deviation or *n* (%).

ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; ICD, implantable cardioverter defibrillator; LVDd, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; VT, ventricular tachycardia.

###### 

Follow-up data.

Table 2

                                                Present study (*n*=118)
  --------------------------------------------- -------------------------
  Median follow-up, days                        1409
  Appropriate ICD therapy (ATP or shock), (%)   40 (34)
   ATP, (%)                                     33 (28)
   ATP only, (%)                                22 (19)
   Shock, (%)                                   18 (15)
   Shock only, (%)                              7 (6)
  Total cardiac death, (%)                      33 (28)
   Sudden cardiac death, (%)                    7 (6)
   Non-sudden cardiac death, (%)                21 (18)
   Unclassified cardiac death, (%)              5 (4)
  Non-cardiac death, (%)                        15 (13)
  Unknown cause of death, (%)                   2 (2)
  All-cause mortality, (%)                      50 (42)

Data are presented as the mean±standard deviation or n (%).

ATP, anti-tachycardia pacing; ICD, implantable cardioverter defibrillator.

###### 

Incidence of appropriate ICD therapy: shock and anti-tachycardia pacing.

Table 3

                        At implant   1 year   2 years   3 years   4 years   5 years
  --------------------- ------------ -------- --------- --------- --------- ---------
  Appropriate therapy                                                       
  ATP and/or shock                   15%      28%       37%       37%       41%
  (Patients at risk)    \(118\)      \(89\)   \(61\)    \(41\)    \(32\)    \(24\)
  Shock                              7%       9%        12%       16%       18%
  (Patients at risk)    \(118\)      \(97\)   \(78\)    \(62\)    \(48\)    \(37\)

###### 

Univariate and multivariate analyses for incidence of appropriate ICD therapy administration.

Table 4

                         Univariate analysis   Multivariate analysis                       
  ---------------------- --------------------- ----------------------- ------------------- -------
  Non-sustained VT       2.00 (1.07--3.77)     0.030                   2.26 (1.17--4.39)   0.015
  LVDd≥60 mm             2.53 (1.28--5.39)     0.007                   2.31 (1.07--5.38)   0.033
  LVEF≤25%               2.63 (1.38--5.12)     0.003                   1.84 (0.94--3.73)   0.077
  Diabetes               0.54 (0.27--1.04)     0.072                   0.73 (0.36--1.43)   0.37
  Biventricular pacing   0.75 (0.38--1.43)     0.39                                        

CI, confidence interval; LVDd, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; VT, ventricular tachycardia.
